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GLVSHUVHG$O2
SDUWLFOHV RI&$6&VIDEULFDWHGE\)63
DWKLJKHUYROXPHSHUFHQWDJH
)LJ6(0PLFURJUDSKRI$O2 UHLQIRUFHG
SDUWLFOHV DIWHU RQHSDVV)63
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 0HFKDQLFDOSURSHUWLHV
0LFURKDUGQHVV WHVWV DQG WHQVLOH WHVWV ZHUH FRQGXFWHG WR HYDOXDWH WKH KDUGQHVV GLVWULEXWLRQV DQG WHQVLOH
VWUHQJWK RIWKHVXUIDFHFRPSRVLWHV$WHDFKFRQGLWLRQWKUHHVSHFLPHQVZHUHWHVWHGDQGDYHUDJHRIWKHUHVXOWVRIWKUHH
VSHFLPHQVLVSUHVHQWHG7KHSURFHVVLQJSDUDPHWHUVDQGWRROGLPHQVLRQVXVHGWRIDEULFDWH YLD )63DUHSUHVHQWHGLQ
7DEOH  0LFURKDUGQHVV VXUYH\ ZDV PHDVXUHG RQ WKH )63HG VDPSOHV DFURVV WKH WUDQVYHUVH FURVVVHFWLRQ RI WKH
VXUIDFH &$6&V DQG DUH SUHVHQWHG LQ )LJ  7KH DYHUDJH KDUGQHVV RI PDWUL[ PDWHULDO LV  +9  7KH KLJKHVW
KDUGQHVVYDOXHRI+9KDYHEHHQREVHUYHGLQWKH6=IRUWKHVDPSOHSURFHVVHGDWWKHKLJKHVWYROXPHSHUFHQWDJH
,W LV REVHUYHG WKDW KDUGQHVV LQFUHDVHV ZLWK LQFUHDVHG YROXPH RI $O2S LQ WKH 6= LW LV GXH WR WKH SUHVHQFH DQG
SLQQLQJ HIIHFW RI KDUG$O2S  'HYDUDMX$	 .XPDU$ 7KHSUHVHQFHRI$O2S LV FRQVLGHUHG IRUPRUH
HIIHFWLYHIRUPDWLRQRIILQHJUDLQVWUXFWXUHGXHWRWKHFRQWLQXRXV'5;
7KHWHQVLOHSURSHUWLHVVXFKDV876<6DQG(/DUH SUHVHQWHGLQ7DEOH 7KHLQFUHDVHLQ876DQG<6RIWKH
VXUIDFH FRPSRVLWHV LV DFFRPSDQLHG E\ D GHFUHDVH LQ GXFWLOLW\ ZLWK LQFUHDVH LQ YROXPH IUDFWLRQ RI WKH $O2S
.KHGHU, $5, HWDO 7KHLQFUHDVHG876RIWKHVXUIDFHFRPSRVLWHVRYHUWKHSXUHFRSSHUPDWUL[LVGXHWRWKH
JUDLQ UHILQHPHQW RI FRSSHU LQ WKH VXUIDFH FRPSRVLWHZKLFK FDQ EH UHODWHG WR WKH LQWHUDFWLRQ EHWZHHQ WKH SRZGHU
SDUWLFOHV DQG GLVORFDWLRQV ZLWKLQ WKH PDWUL[ ,W LV DOVR REVHUYHG WKDW WKHUH LV DQ LQFUHDVH LQ WKH MRLQW HIILFLHQF\
>XOWLPDWH WHQVLOH VWUHQJWK RI WKH ZHOG  XOWLPDWH WHQVLOH VWUHQJWK RI WKH EDVH PHWDO@ ;  ZLWK LQFUHDVH LQ WKH
DGGLWLRQ RI$O2 UHLQIRUFHPHQW SDUWLFOHV 7KLV LV GXH WR LQFUHDVH LQ WKH UHFU\VWDOOL]DWLRQ WHPSHUDWXUH E\ SLQQLQJ
JUDLQERXQGDULHVRIWKHFRSSHUPDWUL[DQGEORFNLQJWKHPRYHPHQWRIGLVORFDWLRQVDQGWKXVLPSURYLQJ WKH VWUHQJWKDW
HOHYDWHGWHPSHUDWXUH/LDQJD6 HWDO 7KHHORQJDWLRQRIWKHIULFWLRQVWLUSURFHVVHG)63HGVSHFLPHQVZLWK
WKHDGGLWLRQ$O2S ZHUHUHGXFHGDVFRPSDUHGWRWKHSXUHFRSSHU %DUPRX]0 HWDO 7KLVPD\EHGXHWR
LQFUHDVH LQ YROXPH SHUFHQWDJH RI UHLQIRUFHG SDUWLFOHV ZKLFK LQFUHDVHV WKH HIIHFWLYH VOLS GLVWDQFH RI GLVORFDWLRQV
)LJ0LFURKDUGQHVV GLVWULEXWLRQRI)63VDPSOHVIRUGLIIHUHQWYROXPHSHUFHQWDJHVDQGDQG
WKHEDVHPHWDO
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GXULQJ WKH GHIRUPDWLRQ ,PSDFW WRXJKQHVV RI WKH &$6&V ZDV HYDOXDWHG ZLWK GLIIHUHQW YROXPH IUDFWLRQ RI WKH
UHLQIRUFHGSDUWLFOHV ,W LV REVHUYHG WKDW DW KLJKHU YROXPH IUDFWLRQRI WKH UHLQIRUFHGSDUWLFOHV LQ WKH FRSSHUPDWUL[
H[KLELWHGKLJKHULPSDFWWRXJKQHVVYDOXH7KLVPD\EHDWWULEXWHGWRWKHDGGLWLRQRIUHLQIRUFHGSDUWLFOHVZKLFKFDXVHV
VRIWHQLQJRIWKHPDWUL[GXHWRIULFWLRQDOKHDWRIWKHWRROVKRXOGHUDQGSLQ
7DEOH&RQVWDQWSURFHVVSDUDPHWHUVDQGWRROGLPHQVLRQV
7DEOH0HFKDQLFDOSURSHUWLHVRIFRSSHU  $O2 VXUIDFHFRPSRVLWHV
)UDFWRJUDSK\
7KH WHQVLOH DQG LPSDFW IUDFWXUH VXUIDFH RI WKH %0 DQG )63HG VDPSOHV PDGH DW GLIIHUHQW YROXPH
SHUFHQWDJHVVXFKDV DQG UHVSHFWLYHO\ZHUHVWXGLHGXVLQJ6(0WRXQGHUVWDQGWKHPRGHRIIDLOXUHDQG
WKH UHVXOWVDUHSUHVHQWHGLQ)LJ DQG )LJ UHVSHFWLYHO\7KHIUDFWXUHGVXUIDFHRIWKH%0IDLOHGLQDGXFWLOHPDQQHU
E\ WKHPLFURYRLGFRDOHVFHQFHPHFKDQLVPZKLFKVKRZV ILQHGLPSOH VWUXFWXUHDW WKH IUDFWXUHGVXUIDFHRI WKH%0
7KHWHQVLOHDQGLPSDFWIUDFWXUHVXUIDFHVRI)63HGVDPSOHV REWDLQHG DW KLJKHUYROXPHSHUFHQWDJH LH VKRZV
GXFWLOHIUDFWXUHDVFRPSDUHGWR  DQG 7KLVPD\EHGXHWRWKHSUHVHQFHRIPDQ\ILQHYRLGVDQGGLPSOHVIRUPHG
DW IUDFWXUHG VXUIDFHV LQ ZKLFK WKH JUDLQ VL]H LV ILQHU IRU )63HG VSHFLPHQ PDGH DW RSWLPXP FRQGLWLRQ )UDFWXUH
VXUIDFHRI WKH)63HG VDPSOHV PDGH DW DQGRI YROXPH IUDFWLRQ FRQGLWLRQV VKRZVERWKGXFWLOH DQGEULWWOH
IDLOXUH7KLVLVGXH WRGLVSHUVLRQRIYHU\ODUJHQXPEHURIUHLQIRUFHPHQW$O2SZKLFKVHYHUHO\OLPLWVWKHPRYHPHQW
RIGLVORFDWLRQVDQGGHFUHDVHVWKHGXFWLOLW\VLJQLILFDQWO\
3DUDPHWHUV 9DOXH
7RROURWDWLRQVSHHG USP
7RROWUDYHOVSHHG PPPLQ
7RROSLQSURILOH &RQFDYHVKRXOGHUZLWK
VTXDUHSLQSURILOH
7RROWLOWDQJOHș
7RROVKRXOGHUGLDPHWHU'V
GHJUHHV
PP
7RROSLQGLDPHWHU'S PP
'V'S UDWLR
3LQ/HQJWK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PP
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)LJ )UDFWRJUDSKV RIWHQVLOHDGRI)63VDPSOHVDWGLIIHUHQWYROXPHSHUFHQWDJHV
D EFDQG GEDVHPHWDO
)LJ )UDFWRJUDSKVRILPSDFWDGRI)63VDPSOHVDWGLIIHUHQWYROXPHSHUFHQWDJHV
DEF DQGG%0
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&RQFOXVLRQV
PHFKDQLFDO 7KH LQIOXHQFH RI UHLQIRUFHPHQW SDUWLFOHV YDU\LQJ WKH YROXPH SHUFHQWDJH RI $O2S RQ
PLFURVWUXFWXUH DQG SURSHUWLHV RI &X$O2 VXUIDFH FRPSRVLWHV IDEULFDWHG YLD )63 ZHUH LQYHVWLJDWHG DQG WKH
IROORZLQJFRQFOXVLRQV ZHUHGUDZQ
 7HQVLOHSURSHUWLHVRI&$6&VLQFUHDVHGZLWKLQFUHDVHLQWKHYROXPH SHUFHQWDJH RIUHLQIRUFHPHQWSDUWLFOHV
7KLVLVGXHWRWKHDGGLWLRQRIWKHKDUG$O2 UHLQIRUFHPHQWSDUWLFOHVZKLFKLQFUHDVHVWKHUHFU\VWDOOL]DWLRQ
WHPSHUDWXUHE\SLQQLQJJUDLQERXQGDULHVRIWKHFRSSHUPDWUL[DQGEORFNLQJWKHPRYHPHQWRIGLVORFDWLRQV
 7KHPLFURKDUGQHVVYDOXHVRIDOOWKH&$6&VLQFUHDVHGDVFRPSDUHGZLWKWKHDYHUDJHKDUGQHVVRIWKHFRSSHU
PDWUL[GXHWRWKHSUHVHQFHRIKDUGUHLQIRUFHPHQWSDUWLFOHV
 7KHUHLQIRUFHPHQWSDUWLFOHV$O2SZHUHGLVWULEXWHGXQLIRUPO\LQWKH SURFHVVHG]RQH7KLVPD\EHGXHWR
WKHSRVLWLRQRIWKHJURRYHH[DFWO\WDQJHQWLDOWRWKHWRROSLQ
 6HYHUH SODVWLF GHIRUPDWLRQ DQG IULFWLRQDO KHDWLQJ LQ WKH 6= GXULQJ )63 UHVXOWHG LQ JHQHUDWLRQ RI D
UHFU\VWDOOL]HGHTXLD[HGPLFURVWUXFWXUHZKLFKLVGXHWRWKHRFFXUUHQFHRI'5;
 7KH WHQVLOHDQG LPSDFW IUDFWXUH VXUIDFHVRI)63HGVDPSOHVPDGHDWKLJKHUYROXPHSHUFHQWDJH LH
VKRZVGXFWLOH IUDFWXUH DV FRPSDUHG WRRWKHU YROXPHSHUFHQWDJHV VXFK DVDQG 7KLV LV GXH WR WKH
SUHVHQFH RI ILQH HTXLD[HG JUDLQV ZKLFK UHVXOWHG LQ WKH IRUPDWLRQ RI ILQH YRLGV DQG GLPSOHV DW IUDFWXUHG
VXUIDFHV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOG OLNH WR WKDQN WKHDXWKRULWLHVRI1DWLRQDO ,QVWLWXWHRI7HFKQRORJ\ 1,7:DUDQJDO 'HIHQVH
0HWDOOXUJLFDO5HVHDUFK/DERUDWRU\ '05/+\GHUDEDG ,QGLD IRUSURYLGLQJ WKH IDFLOLWLHV WR FDUU\RXW WKLVZRUN
2QHRIWKHDXWKRUV/6XYDUQD5DMXLVWKDQNIXOWRWKH3ULQFLSDODQGWKHPDQDJHPHQWRI.,76+X]XUDEDGIRUWKHLU
FRQVWDQWVXSSRUWGXULQJWKLVZRUN
5HIHUHQFHV
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